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CORPORAT I ON 



—3. — 3— 9m 14644 
94022 *'J7tA=7 



(54) [»^o*fi:] aiSI8«l/-tf&ac^© ajfi ^^ 

(57) mm - - • , ' 

#«ftTf?fen&#* \ia ytxb Kfc v c^e 

Snti»© ! *V tf^ i 2 6 tffijg UT«ft«« l 2 
4 £«/£-f u-f ->->y M □ 12 2.^;*- th'Zto** 
Xt4 1 2 6 S^t-rSCtlSfiDKftftrttl 2 4IC«fc 

SSOfttVA'lGaAsJItt. dn^o^+tfT-Y 1 2 
1 2 6 (0(Sl©Sfl:«JgE i 2 4^-/t-7 




1 

ffiB*8SfHW»©*£^Sim>*«»<04r* fcTx^ * 

nsflttttma e + cuESflsJi *a * *«£ sihpt * 

co*ca**ftiaWCj;?Tii££*lT*5 0. S5B#i»* 

ME** tfrV*a^WB«»wiao»»*Kfi:ai.. 

fittE+Ar tf-f <0M 0 OWEttK«»Si©«*S8fl: U 

r, jttB*«*i2:>fi:s^^to«**iStJ», ens com 
««co yw 7 x £ k -r S , 

[0 0 0 1] 

icn-ra. ctosncii. *jwik*o. #tC3>/t 



(2) *MU¥1 0 -2 2 9 2 4 8. 

2 

[0 0 0 2] 

-5. aSttXyy»3K (edge enitting ) !f**C*a 

t*T->f 5Hff55)ttl'"-" tf (vertical cavity surface 
emitting laser, "VCSEL" ) 
10 ottfc. VCSELCBi^»*ofta*lt 

5 h£^/rra) iceman* *-c-rx 

h-r*ct**T?€r^:(r*. — vc.sELot- Attt: 
— A©Rie**/hao»swtfa<, vcsELta^xA^ 
*ata«a:3e*f8*-r*. »c vcsELicteiatt 

-iciot^ i/\©rX h&tf 1 *tcX« 2 *jc U-tr* 
[0003] VCSEL &Sj£"f ^KAKOSffiliMBS 

R0C7;U5-»>A**©aStf»A IGaAsil 

tf. AlGaAslUll U-1f*iaoSttJi©±X 

^>^$n, «ittfcx**>yanT*trt»a2 2 

(0 2 IC HS) * S 

50 tt»12iCl»»r^7;V5X^A^*<Z)*^AlGaA 
.s|14 tMftifi 22©Xy^fcSS* *1§ jj l^rf ,v 

<D*^Cl«*^TXyy*6^ftlj:|»fc 
pa#<8+<Dte£>Btt, 7^^XC7A*«^A I GaA 

40 a©«*tl*»iC#»tl*t)4*- A I GaAsW 

MStlftVCSELH " «*S!»J»«*«5 0 9St?ft 

(Selectively Oxidized Vertical Cavity Surface Emi 
tting Lasers With 50* Power Conversion Efficiency 
) " Electronics Letters. Vol.31, pp. 208-209 (199 
50 5)KE«3nTH*. 



(3) 



10-2292 48 



[0004] &&<Dmw&<&sm\t. tD-m&wJzt^ 

©*l»ic2U>£i:^©»oj5>©*.«£:fr-r-5. cnn 
&©££*.««. Sftftro$5ffll*«LUCt-C*5. - 

m) ©*-^-T*0. cniifeot^e^^u-roflj® 

> (-«ctt5 o~i o os*D>©*s$-efcttntf 

©££, 7/t~ ?r©iMX;WBffiKfl:®«©ttBic:« 

BttHKctt7/t-?*iMXc*#fctfS'3S4#T 

•6. A 1 GaAsWttffcSptt. *©7;l'S:=.£AJ5S#C 

A7*-v>x©s§t«a«<s«T*. -3*0. c©^ 

[0 0 0 5] e&WftfflffiKtt^ffilCiDJgjSStl/tV 

(Sk:£i;*mHT*3. 7;u5x*AS*©R<r>Ji>ifl 
*K<tr-5fcaic. ^tffcaUTXs/^^yai:;*** 

frfctl*. C©>U-©Xy?->^©*4:. ffllffi»fl:«rff 
^>TKft* nfc**{C«fc ? TfcSU-if X© t/H-tf7/^ 
^■VfcHjrT*. ffl#W£*-*»ifi£ffittUTil'3©7 

u-r © * © 2 .o© u—.if ra©ft/jv^ 

a^rx y9^^r«ewjw»aft wafts 

airier *fcttM*€r<r*ftS*i&3; ftgwfcttr 
«»»)a©«/h*dnx:tt» 540'X-so »m'cicw: « 
? Tasts-oxy-v y©»$R^©3E®±^©«a» 
j«©Efllicio;. Mic3>n* K&xiiRSK©!^ 

iJ , 7H , *®*-r*Cli:A*U<&oT<'V*.?= -• . . 
[0 0 0 6] A£>tt&;t1*-8tifilCHT*fBIS©ft-3£t£ 

.fcojtsswra. ea» i ««ffitt«*©±s©±»ca 
s&ftissns. c©^tt»cior«B8snfcsatt. « 
1 2 = ^ □>©«?& ^-r a >^±(csa$n/t. l*> 

U R«#*!iil£tt*$-ti\ >J7h5f7 (liftoff ) 1 

n -t x sffl <,» s soar a t «;> ? sr * a asttt c <t 
ot. s«©fiBB*««5at;i«i>js*tt**8^-r4c 



[0 0 0 7] SatC. teR»ft<W®»toSj£KJ;o-nB 
tfSn&VCSELIiWJL tf JiWiSW 
H*tt**Sl/H 8ffc<*ftT^fct,>GaAs 
XttA 1 G a A s ^©KfcSCStffat-jgKS^fc*, 

/w*>^ cttAen^^rs]^© 
c ± o * ■*£#©«* *«H-«^*t* ■&. 

[0 008] 

mz?>/v7 K^vcsEL*js*!g«rs. ens© 

U— !f«i8©<W::BfJS©A*->ICEB3 

6©Kft««tCJ:-3Tffl*nfc. ttftSnTl^«ttr>«« 
Tfc*. ■fls^D-txrow. ¥»(Wlia©*tcs«>ii* 

nfc7;U5X^A$«©i8!^A l GaAsHIJ, Ctl& 
©*^fcTT-w©a-«r^^ffi!IIC[6)»tTtt*r^|S]'vi:. 2 

J*-T*fc»©7Jl'5X'?Z»S*©JSlr>A l G a A s Ji 
tt. UiUT KfkJi" tJftftia. 

[0 0 0 9] *f69i©*mtt. Uf$»y7/t-?*4 
HSTiKfi:**©**;***. V-i *J>if7K-T*& 
#©*#StHi;<6^T»*CtT**. — tttC, A 

l G a A s ©B^fcmi&SaZklWaS/t 7>-*|-ft 

tt,- (Kft:*«©1>-f X);::: *«*W-1f 

•y--fX)..©tt:**vhs.<ftaK:^n.. < >/<^ h*</ha 
*tJ4*^- ; -:^-- • ■■ -u-.- r 

t»H***ra/t*©#a] *fiw©a-©fiktt«^ 
iWESffi±(c)Bfie*n/t «[»©¥*» 

*IE¥»#Ji©-5 S© 1 OSt+CSttlK** 
40 WEffittS©-3Sf©«K(iaStl 
«I-U7W#4, S9ESttS©K»ffll»CfiBSnfc 
Sr'J7U*^tm. «JE'J7Ui?4'©rt©*^:< 

<tt>io*aL/T3tx*^*-4-fflaias*. aoe# 
*#)i©^-&©it?^*flftaw»Tabo. mE«8tffi» 

i«^PJB©4'(wfl!lEett)l*ji-5«B5Sf&li»-ra7/t- 
WE7A-5 l V*«ttWE*£5W»a<i01> 

50 ©&4lilt)©*+tf7 i wSffl*. fttf. WEU-tf© 



(4 

5 

to o 1 1] **w©JB-©tt*tt, imecatMffji«< 

[0 0 12] *«ntiDXHCOiltttt* »^*ffi**"T^ 
[0 0 13] 

3 fc«*Ufc* 3 fc. m 2 0 0 tJ ^jrrrto n£r^ G W 
a J A s -A^l 1^0 2;*1*a*JR^^^MO C 
VD a ) . i L**J 6 ti^rlf^^^^»^iM^ 
Tn^-GaAsXffil O0±TjfcB3i*Sn*. nS 
-Ga AsXfcXtfGaAs Ay 7 7 CD F-fcf^l^ 

-«WKtt3X 1.0 l, cmi-7Xl .O^xm-KSIfi 

&Jt r L P E ** ) :'#7«l»J(SHfc r MBF ) , 

[0 0 14] G a AsAy77l 1 0 2 ©-tfcttTBi* 
WczfyytfVyisZf (DBR, Distributed Bragg re 
flector) 10 4*ffttr*8tt?tt&#<»9. VCS 

R 1 0 4ttftHWKtt7;U3-3A<0**©«<r*A 1 G 
a A sJIfttfr^Sn^A^^Wfi^ttODA I Ga 
AsJi^6tt***«>#(Cct0»fil£Sn4. S<Z>*fO» 
7;U5-i>A*JI<Z)Jf^«»A 1 Ga A 



#BB¥1 0-229248 

AM©«WOAlGaAsItt, 7;i^~?A£#J 
8 6%^tr. 7^3x£Afr*0St>A I GaAsSO 

«*CHfcT*«ttiK<&<r>. 7^5x£A*»© 
«V>A 1 GaAsKt^l 6K0>7;l^x£A£*£;fr 
f*. 7H-^Atl^AlGaAsI^ 

<6^+»ft*flD7;U5n^Afc*to, 

[0 0 15] c©**©*»-cii, *w#*>y;uoiB 

tssdbr i o Ao&mmtmzmx o 

Sf-0)BlMat3j«tt*-r*. TSD BR104OS 
tfWHBfcttiffl*?® 2 O(0A 1 G a A s H<OJB9f* 

WDBRfltigl 0 4*»jar*Ctt-«»lCtt3 0-4 
0#cDA IGaAsMmm, 
[0 0 1 61 TSSD B R#li6 1 0 4 fcxfcf*** WUtt 

0 6 CC0TS5A I Ga As 9yy^r4 
v"4f t^JW oca 0 1 *c m~! ^'5 X 1 0 11 .cm^CnS 
rcDA^i Va A s^ #^rV^ii no 6.'ot>ifcicttt'-- 

tt 2K8 * A*rr*^©i****T* 3 ^flD/ty 7£<fc 

7 T^«#ftG.aAsXli7;^zW«OfiUA 1 
G a A s %mm lT»#FiI^»fit*n5. £ 

cn6©«^#FttAS!»(ctttt7X© 

GaAs \Z&oXm&2ftZ. *¥&WIZ#^T* SttA 

1 o 8 fi^flsrswc*— ^Fxratt^uiRa^ 

[0 0 17] EttHl 0 8 0±«±SA t GaAs ^7 
yf^ >yiil0t»0 t :©^7-;7^>^lll 
0 tt^<0 H-ya<0«tt*»tf *iT»A I G a A s V y 

yr-r HOttftS 8 X0>7;l^x£AS*«r 

lxiO ,, cm' J -4XlO l, cm- 1 OH-e 
>^/|/^Jl/^ft5p$!T*5. TSSA 1 GaAs^7 



7 

VT-OZfMl 0 6iHttlc. -S±W^7 7f^>y 

m 1 1 ovm^mi o o cne 

<0 2O£>A 1 GaAs^77f^>yjBl 0 6fttfl 1 
;WS6tt£. Jgl 0 6, 1 0 8Rtfl 1 0E>h-^;KO 
[0 0 1 81 ±g?A I GaAs^77f/>^ll 1 0 

<o±.\tmtmi i 2 tad, u-tfx/s-^rfc^dc-r 

$HSU :niC<j:0M110 8^OHS;>yfi 
m*M®?2>. C COSfkSl 1 2 

(i±SA 1 G a A s^77r>f >^B 1 1 0<D±tZ$> 
#f89!fc*3^T, C^Kfbll 1 2£<B<B{fc« (IS 
ttI10 8©t,o <t±^XttT) "teKSfc* * C <t 

ABWfctt. C<Z>Kfl;Bl 12IJ89 
;i/S-SA^*&tffi7 0:*-/;*-*-<off*£#-r 

[0 0 19] SUtm 1 1 2«<Kj£2tifc&. pS- H— 
^?H**03B 0 <0±fflD BR55-114 $#ft*. 
JbSD BR^7-1 1 5 tt*<0 K-TiHOBteftRW* 
T85D BR = 7-104 fc*a»fc«TV»a; JEEU ■ S 

CO*JS©*Mlfc:*^T, IICDS&TJt^X 
£AS#»fc£fc&fl:Jil 1 2T**„ COAaQBB 

tWJ) 2,01*04 tt#*«9I<D* fcTB>l?*^fc# 

$ r j> a* "fc was afc^y a >a>&&m*it&it9 > 

B4®£3tt7X-* .c 
[o o 2 i] H5tc*3nfc£^K:. ccoy->zf}i\z3i 

nfc4 0«>«USnfc*itrMW«l 2 0^T¥»#i 

ia^tJcniB-is+^fx-f 1 2 6^M$n^. x** 

n. *aflB6*rsB<ria**fBift3ii*. £rwj& 
+tef^a)astt / >ft<tt»iiMtii i 2k:$rar 



(5) #§8¥l 0-2 2 9 2 4 8 

3 5 0° C*»A*iMTa*5M(0*, 

«ht,TBBK:«ssft* (^epbtej 
^sa^aftai 1 2«. — *ctt**+ify-f ftiio 

#<&{tffi#l 2 4jo<5WCfi^V>T*-A-7y7T 
(0 61C0tk) . S^lff^ 1 2 6fr*ftmz 

7-r-;UF .(optical field ) tfaa£IMB3n«fl8B 

[0 0 2 2] BflS^n-fcXOlBk *i6*tfXfi<DStt7;i/ 
AlGaAs^fift^^Z-)^ 

tt»+»T**. «oT. BflsSttTUfcBttS 5 96k: 
i£^7;i/£x£££*£*rr*A 1 GaAsW. A 

0 8 «B«BXAX«Mirr«. : 

[0 0 2 3] 06 BU-0 3 KSStlfeBft:* 1 I 2 CE)*6 

- ^ 

Bi>fcBftB«iifeBBen«*r»o/*e 
4©*«*Bfc**ift^**a».- c©Bfl:$n)i^* 

1 -2 2 €^/*U- ; -Ctl3^l'-tf*aa> 
7/W-VT»5. Bfl:yD-fe^(Dg, >ft>aA^D 

[0 0 2 41 K{fc^D*feXO&, ««l 2 4(iBffc$ 

n. Bft2nft»s#i 2 2tt&&Bi o 8*a**ac 

^x^siw-r^rA-^v^^fiKT*. 7/wt i 2 
2 oT£**?§ft» i o 8 <z>£»&#zmzxgt<omti 

\$* pSWnS^t 'J^«D4A»S (injected deasi 
ty) fcfc'D. wnian*. «B©»n^+»K:jSV> 
COKOMIl DBR57-1 0 4RC/1 1 4 
*S07/-Hny>t«*ot. Bffcfll 12^© 

5^ r/t— j-^ 1 2 2«c«k-pTBe*n*««i*iti$^T« 



9 

co o 2 si w» ^otx*nv»T 

^j££tlSiSa»««l 3 0 (0 6, B7RtfB8fcB 

SWaaAX*M-tt5 0KeV, lOOKeVM 

2 O0KeVt»5. BlttHBfcttfrX^Mf-U* 
;i.T3X 1 O^cm-^W. I&MM4 0 2 £^fi£T 

[0 0 2 6] IB»yD'tX<0«. *»#«iftO]IfflRtf 

3 2itfl 4 4OT5rt*tl-& H8&tfB9£B 

[0 0 2 7] B9il HBWftAMltBtt^n-fe^CJ: 

ftfcvcsEL«a®¥HB*:*T. c©B<07-f >7 

- 7 fttf 8 - 8 fc*r®0ttB 7 RZtm 8 

SftTH*. M«»J*1 3 2tt&«B*CS"C*D, B« 

1 3 4 1 3 6 t^tr. »««MHa*r 

Kf^ 1 2 6 4)AM (inboard ) KfcD, U— IfTA*— 

a. a^ss^i 3 4M" w «jB£ft*ffis 

ft. Cftfc*D. B*-r*VCSEL«aH±BOKy 

f^TK^R£t^«oT^ 2t>o»*-rftycsE 
4W W T**;-^t*u-aw*3>^^**«BT*« 
t> a t> b#*:*v cse p$& WM K£ f ttiE fc 

«Sftfc'J:3 l^l» : WniDDc#^#^^lt^_U=Cft"3: 

^13 8-C*SftTVJ«i'-J:fttt;'aWft3liatt«Bk7 

4 >X 1 4 Ofttf*MAt* H42 S*7>f > 
#1 4 OttU— *f 7^-^*1 2 2©±fcav5S^TH 
*. ■B±K«*«J****l'fc«* ««10 0O&® 
££K£f*#$-eT# KAttS 1 4 -4OTBl«* ft*. 

[0 0 2 8] 01 I'fcBl 2, fctfBl 3tH14iH 

1 5 . tttNcB 16t017t018H *«^<0*& 
£ J: 0 ft* Ix-if 7 K £^J&T*/tJ&<3ffc£D/S 
v $ (jgg) E««*T. 01 l©U-1fSBRtfBl 
2K*3ftfcCO«fc5fcS«<&EW«c:fe^T^ ft I/- if 
«tat*B{fc**2 2 4tCcfcoT(Si5&3n^7M-5 1 V 2 

2 2***. cft60Bft««2 2 4ttiEHA«a)«.« 

KttBT* 3 ^nii»*tt;f^ 226 vvui-k*- 



(6) * 0 - 2 2 9 2 4 8 

20 

7n-fcXtf>»^£\ 7^5-**S*©«^««M£*tt 
fcAlGaAsIH BflS««2 2 4#*-/X-^y^ 
UTBftStlT^ft^L/— ^7/^-^ + 2 2 2jW8/£* 

ni$r, pjna** 2 2 6fr$ftmz\infr->T 

*Mt*lSlCBfk*ft5. Bl lCSStifc/tyjrEJH* 
aOlbt. 01 2C*Stlfc<fc5fc!/— «f7U-f&^ 
ja-T-SCt^T**. 2^PHSWttr^4 3 ^<i: 
+4><©B©|B|IB* W S" 2^^U-if7A- 
70 ^^flDB^ASB&ilBIBRII (linear spacing, 01 2 

[0029] 013(7) U— if BBfttf B 1 4&tf B 1 5 
ODEWCS^T, H«»*lrfcfT--f 1 2 6*>6a:SP3A 

^*jl^*->#*sftT^s. &firfg# i 2 4 

/t-7 7 yU Bfl32ftTVV&t>l^-1f7/1--^* 1 2 
2*»J«f*. Bl 3lC«*ftfc^ , y*EW*l»0fiL 
TBI 4RtfBl 5C**ftfcJ: , 3ftU"1f7H'*» 
fST*wi*«"t€ra. Bl 4G>.fc'3fcA«v£EWSttffl 
50 1**»e\ 2O0B»TSRf«^^t:"'r>r^ t t 1 ^i:^ 
fcflWBOBB*" S" £"T*fc. 2<3©U-1f7/V-3 t 

r©in©*H»ft«*Mr l m tt«K" s" tr»*. 

Bl 5 0«fcEH*»Hr*«£, 2t><Z>»8rr*R 

w#b*<d*& s" <t-rst, 2 

00^-1f7/t-^^<75fBjOAS«*a^^BIra ,, L H tt 

[Rll :> - . ;tL. ■ 

[0 0 3 01 0 1 6 ©1>— IfBBfttfB 1 7 R«B 1 8 

^V^*$ftT^^. * : VtT7 L Y 3 2 6«ffi<D*ft?^ 
OB_ACEBaftTA*^*«W6*«*i. p *«"© 
*» : ©8W"fcMT'bi!l!^fcJ:^IC, V-fW-* 
Vl*Bfl5*ft*«W3 234fc:JtdTBft*ftfcBflSS*l 
T^av*B«3 2 2IC±-3T»J5tSft*.' Bl 6 IC*$ 
ftfc/Xy^E^*»OSUrCB l 7StfHl 8JC^aft 
fcJ:'!)*!^— lf7U^r*3»*^"Ct>J:t». 0 1 7<0^^> 
^E^ie«^T 2O<0i5Sf^-r^HI9I^^Vh'T- 

-.1f7/ , «-?1'<OBOAffl»&iaaBB w, tt^K" 
1. 5 S" B 1 80<fc3fcE*J£«JBTS« 

^, 2 0(^U-lf7/^"5 1 Y^W©^B^iec«IMra" 

»21 

s/3 y 0.5S " 

[o o 3 li *K:*frffc«*». H-^a.- K-fcr>y 



(7) 
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iTfciK gate. CaAsSjfCaA 1 A s <&ttfc> 
DKGaAlSb. InAlGaP. Xtt<fi<&3SIII-V 

[0E<3fflJiiftK9!] 

[01] VCSEL*«©*CI/-1f7/1-'f l **»J* 
[0 2] VCS ELfltig^tlCU— !J , 7/t-3 l +*»J* 

[0 3] *BE©»afc&»<OI*j8*ffi^*©fc£ffl 
$n**iS^£©fflK®0T**. 

[04] *89j<3fc<fcT01KaSftjt¥»#«t£fctt 
HSniTX ? ®-«<OiEB0-C*-5. 

[0 5] t tf ^ iO'xyf >ifjnfca l 

[0 6] ±K**Jia<JR0»*nfc. l6fl:HO-a50fB! 

[07] 0 6£tf09<Of ©5-f>7-7(;iGr>T*Jl 
«K«O»-3fc»fB0T**. 

[08] 0 6acX09(O«f©7-f >8 -8tC»-3T^H 
W KI«1 0 IS o fc»r®0T* 4. 

[09] ^a«)Sis®«^*g-r2t>(©B»tfcvcs 
[Bi o] a«ftnm*tar2?0MttL&vc£' 

EL«ifi©JP®0-C**. T 

11 1] *+tfx^©/^->«:ffltr=A^k:^' 
11 



12 



[0 12] 01 ie*3ttfcHA»0!>ajlst4r->lcJ: 

[01 4] 01 3CaS*lfcESA»«^/t^->Sittr) 

SlTBAStiS U— tf7 U"f **T. 
[01 5] 01 3«=aESnfcEftJg*^/t3'->*»r) 

[016] X&&[zEm2ft}t6-30>* J r\i : r<<<omft 

[017] 01 6fC*infcAft»*|!l^^->Stt»3 

[018] 01 6tC*anfcAA»*l!L^^->*»i!7 

[??^©Si^] 
1 0, 1 0 0 £& 
20 1 2.1 0 8 ffift® 
10 4. 114 

112 fiftff («d*wssjb) . - ; 

1 2 2. 2 2 2, 3 2.2^,.«..U-f a>.£f7/<-^* 
1 2 6. 2 2 6 ^ 3 2 6£&V.' n«jg¥r 
1 3 2. 1 44 <fliHfcii-i[l»'-- : ""; :: ' 




[013] 




[07] 



(9) 




[015] 



(10) 
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mi 8] 





